Context. The HARPS high-resolution high-accuracy spectrograph was made available to the astronomical community in the second half of 2003. Since then, we have been using this instrument for monitoring radial velocities of a large sample of Solar-type stars ( 1400 stars) in order to search for their possible low-mass companions. Aims. Amongst the goals of our survey, one is to significantly increase the number of detected extra-solar planets in a volume-limited sample to improve our knowledge of their orbital elements distributions and thus obtain better constraints for planet-formation models. Methods. Radial-velocities were obtained from high-resolution HARPS spectra via the cross-correlation method. We then searched for Keplerian signals in the obtained radial-velocity data sets. Finally, companions orbiting our sample stars were characterised using the fitted orbital parameters. Results. In this paper, we present the HARPS radial-velocity data and orbital solutions for 3 Solar-type stars: HD 100777, HD 190647, and HD 221287. The radial-velocity data of HD 100777 is best explained by the presence of a 1.16 M Jup planetary companion on a 384-day eccentric orbit (e = 0.36). The orbital fit obtained for the slightly evolved star HD 190647 reveals the presence of a longperiod (P = 1038 d) 1.9 M Jup planetary companion on a moderately eccentric orbit (e = 0.18). HD 221287 is hosting a 3.1 M Jup planet on a 456-day orbit. The shape of this orbit is not very well-constrained because of our non-optimal temporal coverage and because of the presence of abnormally large residuals. We find clues that these large residuals result from spectral line-profile variations probably induced by processes related to stellar activity.
Introduction
The High Accuracy Radial-velocity Planet Searcher (HARPS, Pepe et al. 2002 Pepe et al. , 2004 Mayor et al. 2003 ) was put in operation during the second half of 2003. HARPS is a high-resolution, fiber-fed echelle spectrograph mounted on the 3.6-m telescope at ESO-La Silla Observatory (Chile). It is placed in a vacuum vessel and is accurately thermally-controlled (temperature variations are less than 1 mK over one night, less than 2 mK over one month). Its most striking characteristic is its unequaled stability and radial-velocity (RV) accuracy: 1 m s −1 in routine operations. A sub-m s −1 accuracy can even be achieved for inactive, slowly rotating stars when an optimized observing strategy aimed at averaging out the stellar oscillations signal is applied (Santos et al. 2004a; Lovis et al. 2006 ).
The HARPS Consortium that manufactured the instrument for ESO has received Guaranteed Time Observations (GTO). The core programme of the HARPS-GTO is a very high RV-precision search for low-mass planets around non-active and slowly rotating Solar-type stars. Another programme carried out by the HARPS-GTO is a lower RV precision planet search. It is a survey of about 850 Solar-type stars at a precision better than 3 m s −1 . The sample is a volume-limited complement (up to 57.5 pc) of the CORALIE sample (Udry et al. 2000) . The goal of this subprogramme is to obtain improved Jupiter-sized planets orbital elements distributions by substantially increasing the size of the exoplanets sample. Statistically robust orbital elements distributions put strong constraints on the various planet formation scenarios. The total number of extra-solar planets known so far is over 200. Nevertheless, some sub-categories of planets with special characteristics (e.g. hot-Jupiters or very long-period planets) are still weakly populated. The need for additional detections thus remains high.
With typical measurement precisions of 2-3 m s −1 , the HARPS volume-limited programme does not necessarily aim at arXiv:0704.0917v2 [astro-ph] et al. 2006) . In this paper, we report the detection of 3 longer-period planetary companions orbiting stars in the volume-limited sample: HD 100777 b, HD 190647 b, and HD 221287 b. In Sect. 2, we describe the characteristics of the 3 host stars. In Sect. 3, we present our HARPS radial-velocity data and the orbital solutions for the 3 targets. In Sect. 3.4, we discuss the origin of the high residuals to the orbital solution for HD 221287. Finally, we summarize our findings in Sect. 4.
Stellar characteristics of HD 100777, HD 190647, and HD 221287
The main characteristics of HD 100777, HD 190647, and HD 221287 are listed in Table 1 . Spectral types, apparent magnitudes m V , colour indexes B − V, astrometric parallaxes π, and distances d are from the HIPPARCOS Catalogue (ESA 1997) .
From the same source, we have also retrieved information on the scatter in the photometric measurements and on the goodness of the astrometric fits for the 3 targets. The photometric scatters are low in all cases. HD 190647 is flagged as a constant star. The goodness-of-fit parameters are close to 0 for the 3 stars, indicating that their astrometric data are explained by a singlestar model well. Finally, no close-in faint visual companions are reported around these objects in the HIPPARCOS Catalogue. We performed LTE spectroscopic analyses of high signalto-noise ratio (SNR) HARPS spectra for the 3 targets following the method described in Santos et al. (2004b) . Effective temperatures (T eff ), gravities (log g), iron abundances ([Fe/H]), and microturbulence velocities (V t ) indicated in Table 1 result from these analyses. Like most of the planet-hosting stars (Schaller et al. 1992; Schaerer et al. 1993; Girardi et al. 2000) . Values of the projected rotational velocities, v sin i, were derived from the widths of the HARPS cross-correlation functions using a calibration obtained following the method described in Santos et al. (2002, see their Appendix A) 1 Stellar activity indexes log R HK (see the index definition in Noyes et al. 1984) were derived from Ca II K line core reemission measurements on high-SNR HARPS spectra following the method described in Santos et al. (2000) . Using these values and the calibration in Noyes et al. (1984) , we derived estimates of the rotational periods and stellar ages. The chromospheric ages obtained with this calibration for HD 100777 and HD 190647 are 6.2 and 7.6 Gyr. Pace & Pasquini (2004) have shown that chromospheric ages derived for very low-activity, Solar-type stars were not reliable. This is due to the fact that the chromospheric emission drops rapidly after 1 Gyr and becomes virtually constant after 2 Gyr. For this reason, we have chosen to indicate ages greater than 2 Gyr instead of the cali- brated values for these two stars. HD 221287 is much more active and thus younger making its chromospheric age estimate more reliable: 1.3 Gyr. We have also measured the lithium abundance for this target following the method described in Israelian et al. (2004) and again using a high-SNR HARPS spectrum. The measured equivalent width for the Li I λ6707.70Å line (deblended from the Fe I λ6707.44Å line) is 66.6 mÅ leading to the following lithium abundance: log n(Li) = 2.98. Unfortunately, the lithium abundance cannot provide any reliable age constraint in our case. Studies of the lithium abundances of open cluster main sequence stars have shown that log n(Li) remains constant and equals 3 for T eff = 6300 K stars older than a few million years (see for example Sestito & Randich 2005) .
From the activity level reported for HD 221287 (log R HK = −4.59), we can estimate the expected level of activity-induced radial-velocity scatter (i.e. the jitter). Using the results obtained by Santos et al. (2000) for stars with similar activity levels and spectral types, the range of expected jitter is between 8 and 20 m s −1 . A similar study made on a different stellar sample by Wright (2005) gives similar results: an expected jitter of the order of 20 m s −1 (from the fit this author presents in his Fig. 4) . It has to be noted that both studies contain very few F stars and even fewer high-activity F stars. This results from the stellar sample they have used: planet search samples selected against rapidly-rotating young stars. Their predictions for the expected jitter level are therefore not well-constrained for active F stars. Both HD 100777 and HD 190647 are inactive and slowly rotating. Following the same studies, low jitter values are expected in both cases: ≤ 8 m s −1 . 
HARPS radial-velocity data
Stars belonging to the volume-limited HARPS-GTO subprogramme are observed most of the time without the simultaneous Thorium-Argon reference (Baranne et al. 1996) . The obtained radial velocities are thus uncorrected for possible instrumental drifts. This only has a very low impact on our results as the HARPS radial-velocity drift is less than 1 m s −1 over one night. For this large volume-limited sample, we aim at a radialvelocity precision of the order of 3 m s −1 (or better). This corresponds roughly to an SNR of 40-50 at 5500Å. For bright targets like the three stars of this paper, the exposure times required for reaching this signal level can be very short as an SNR of 100 (at 5500Å) is obtained with HARPS in a 1-minute exposure on a 6.5 mag G dwarf under normal weather and seeing conditions. In order to limit the impact of observing overheads (telescope preset, target acquisition, detector read-out), we normally do not use exposure times less than 60 seconds. As a consequence, the SNR obtained for bright stars is significantly higher than the targeted one, and the output measurement errors are frequently below 2 m s −1 . For our radial-velocity measurements, we consider two main error terms. The first one is obtained through the HARPS Data Reduction Software (DRS). It includes all the known calibration errors ( 20 cm s −1 ), the stellar photon-noise, and the error on the instrument drift. For observations taken with the simultaneous reference, the drift error is derived from the photon noise of the Thorium-Argon exposure. For observations taken without the lamp, a drift error term of 50 cm s −1 is quadratically added. The second main error term is called the non-photonic error. It includes guiding errors and a lower limit for the stellar pulsation signals. For the volume-limited programme, we use an adhoc value for this term: 1.0 m s −1 . Stellar noise (activity jitter, pulsation signal) can of course be greater in some cases (as for example for HD 221287, cf. Sect. 3.3). The non-photonic term nearly vanishes for targets belonging to the very high RV precision sample (non-active stars, pulsation modes averaged out by the specific observing strategy). In this latter case, this term thus only contains the guiding errors: 30 cm s listed in this paper correspond to the quadratic sum of the DRS and the non-photonic errors.
In the following sections, we present the HARPS radialvelocity data obtained for HD 100777, HD 190647, and HD 221287 in more detail, as well as the orbital solutions fitted to the data.
A 1.16 M Jup planet around HD 100777
We have gathered 29 HARPS radial-velocity measurements of HD 100777. These data span 858 days between February 27th 2004 (BJD = 2 453 063) and July 4th 2006 (BJD = 2 453 921). Their mean radial-velocity uncertainty is 1.6 m s −1 (mean DRS error: 1.3 m s −1 ). We list these measurements in Table 2 (electronic version only).
A nearly yearly signal is present in these data. We fitted a Keplerian orbit. The resulting parameters are listed in Table 5 . The fitted orbit is displayed in Fig. 1 , together with our radial-velocity measurements. The radial-velocity data is best explained by the presence of a 1.16 M Jup planet on a 384 d fairly eccentric orbit (e = 0.36). The inferred separation between the host star and its planet is a = 1.03 AU. Both m 2 sin i and a were computed using a primary mass of 1 M .
We performed Monte-Carlo simulations using the ORBIT software (see Sect. 3.1. in Forveille et al. 1999 ) in order to double-check the parameter uncertainties. The errorbars obtained from these simulations are quasi-symmetric and somewhat larger ( 18%) than the ones obtained from the covariance matrix of the Keplerian fit. The errors we have finally quoted in Table 5 are the Monte-Carlo ones. The residuals to the fitted orbit (see bottom panel of Fig. 1 ) are flat and have a dispersion compatible with the measurement noise. The low reduced χ 2 value (1.45) and the χ 2 probability (0.074) further demonstrate the Table 3 (electronic version only).
A long-period signal is clearly present in the RV data. We performed a Keplerian fit. The resulting fitted parameters are listed in Table 5 . The fitted orbital period (1038 d) is slightly shorter than the observing time span (1128 d) and the orbital eccentricity is low (0.18). Monte-Carlo simulations were carried out. The uncertainties on the orbital parameters obtained in this case are nearly symmetric and a bit larger ( 18%) than the ones resulting from the Keplerian fit. In Table 5 , we have listed these more conservative Monte-Carlo uncertainties. The small discrepancy between the two sets of errorbars is most probably due to the rather short time span of the observations (only 1.09 orbital cycle covered) and to our still not optimal coverage of both the minimum and the maximum of the radial-velocity orbit. From the fitted parameters and with a primary mass of 1.1 M , we compute a minimum mass of 1.90 M Jup for this planetary companion. The computed separation between the two bodies is 2.07 AU. Figure 2 shows our data and the fitted orbit.
The weighted rms of the residuals (1.6 m s −1 ) is slightly smaller than the mean RV uncertainty. The low dispersion of the residuals, the low reduced χ 2 value, and its associated probability (0.11) allow us to exclude the presence of an additional massive short-period companion. Because of a non-optimal coverage of the radial-velocity maximum and the presence of stellar activity-induced jitter, the exact shape of the orbit is not very well-constrained. Bottom: Residuals to the fitted orbit. The scatter of these residuals is much larger than the velocity uncertainties. This large dispersion is probably due to the fairly high activity level of this star.
A 3.1 M Jup planetary companion to HD 221287
A total of 26 HARPS radial-velocity data were obtained for HD 221287. These data are spread over 1130 days: between July 31, 2003 (BJD = 2 452 851) and September 3, 2006 (BJD = 2 453 981). Unlike the two other targets presented in this paper, a substantial fraction ( 65%) of these velocities were taken using the simultaneous Thorium-Argon reference. They were thus corrected for the measured instrumental velocity drifts. The mean radial-velocity uncertainty computed for this data set is 2.1 m s −1 (mean DRS error: 1.8 m s −1 ). We list these measurements in Table 4 (electronic version only).
A 456 d radial-velocity variation is clearly visible in our data (see Fig. 3 ). This period is two orders of magnitude longer than the rotation period obtained from the Noyes et al. (1984) calibration for HD 221287: 5 ± 2 d. This large discrepancy between P RV and P rot is probably sufficient for safely excluding stellar spots as the origin of the detected RV signal, but we nevertheless checked if this variability could be due to line-profile variations. The cross-correlation function (CCF) bisector span versus radial velocity plot is shown in the top panel of Fig. 4 . The average CCF bisector value is computed in two selected regions: near the top of the CCF (i.e. near the continuum) and near its bottom (i.e near the RV minimum). The span is the difference between these two average values (top−bottom) and thus represents the overall slope of the CCF bisector (for details, see Queloz et al. 2001) .
As for the case of HD 166435 presented in Queloz et al. (2001) , an anti-correlation between spans and velocities is expected in the case of star-spot induced line-profile variations. The bisector span data are quite noisy (weighted rms of 10.4 m s −1 ), but they are not correlated with the RV data. The Table 5 ) displayed in the same velocity scale. A marginal anti-correlation between the two quantities is observed. main signal can therefore not be due to line-profile variations and certainly has a Keplerian origin. Table 5 contains the results of a Keplerian fit that we performed. Our data and the fitted orbit are displayed in Fig. 3 . The RV maximum remains poorly covered by our observations. As for the other two targets, we made Monte-Carlo simulations for checking our orbital parameter uncertainties. As expected, the uncertainties obtained in this case largely differ from the ones obtained via the Keplerian fit. For most of the parameters, the errorbars resulting from the simulations are not symmetric and much larger ( 5 times larger). In order to be more conservative, we have chosen to quote these errors in Table 5 . The shape of the orbit is not very well-constrained, but there is no doubt about the planetary nature of HD 221287 b. The fitted eccentricity is low (0.08), but circular or moderately eccentric orbits (up to 0.25) cannot be excluded yet. Using a primary mass of 1.25 M , we compute the companion minimum mass and separation: m 2 sin i = 3.09 M Jup and a = 1.25 AU. 2 /ν where ν is the number of degrees of freedom (here ν = N − 6). ‡ Post-fit χ 2 probability computed with ν = N − 6.
Residuals to the HD 221287 orbital fit
The residuals to the orbital solution for HD 221287 presented in Sect. 3.3 are clearly abnormal. Their weighted rms, 8.5 m s −1 , is much larger than the mean radial-velocity uncertainty obtained for this target: RV = 2.1 m s −1 . The abnormal scatter obtained by quadratically correcting the residual rms for RV is 8.2 m s −1 . This matches the lowest value expected for this star from the Santos et al. (2000) and Wright (2005) studies. Again, we stress that these two studies clearly lack active F stars, and their activity versus jitter relations are thus weakly constrained for this kind of target. Our measured jitter value certainly does not strongly disagree with their results.
We have searched for periodic signals in the radial-velocity residuals by computing their Fourier transform, but no significant peak in the power spectrum could be found. The absence of significant periodicity is not surprising since the phase of starspot induced signals is not always conserved over more than a few rotational cycles.
Cross-correlation function bisector spans are plotted against the observed radial-velocity residuals in the bottom panel of Fig. 4 . A marginal anti-correlation (Spearman's rank correlation coefficient: ρ = −0.1) between the two quantities is visible. A weighted linear regression (i.e the simplest possible model) was computed. The obtained slope is only weakly significant (1σ). We are thus unable, at this stage, to clearly establish the link between the line-profile variations and our residuals. As indicated in Sect. 3.3, our orbital solution is not very well-constrained. This probably affects the residuals and possibly explains the absence of a clear anti-correlation. Additional radial-velocity measurements are necessary for establishing this relation, but activity-related processes so far remain the best explanation for the observed abnormal residuals to the fitted orbit.
HD 221287 has a planet with an orbital period of 456 d but with an additional radial-velocity signal, probably induced by the presence of cool spots whose visibility is modulated by stellar rotation.
Conclusion
We have presented our HARPS radial-velocity data for 3 Solartype stars: HD 100777, HD 190647, and HD 221287. The radialvelocity variations detected for these stars are explained by the presence of planetary companions. HD 100777 b has a minimum mass of 1.16 M Jup . Its orbit is eccentric (0.36) and has a period of 384 days. The 1038-day orbit of the 1.9 M Jup planet around the slightly evolved star HD 190647 is moderately eccentric (0.18). The planetary companion inducing the detected velocity signal for HD 221287 has a minimum mass of 3.1 M Jup . Its orbit has a period of 456 days. The orbital eccentricity for this planet is not well-constrained. The fitted value is 0.08 but orbits with 0.0 ≤ e ≤ 0.25 cannot be excluded yet. This rather weak constraint on the orbital shape is explained by two reasons. First, our data cover the radial-velocity maximum poorly. Second, the residuals to this orbit are abnormally large. We have tried to establish the relation between these high residuals and line-profile variations through a study of the CCF bisectors. As expected, a marginal anti-correlation of the two quantities is observed, but it is only weakly significant, thereby preventing us from clearly establishing the link between them.
